A Gram-stain-positive, facultatively anaerobic, endospore-forming, irregular rod-shaped bacterium, designated DB13260 T , was isolated from tropical rainforest soil in Jianfengling Nature Reserve in Hainan, China. The isolate was found to grow with 0-4 % (w/v) NaCl, at 5-40 C and pH 6.0-10.5, with an optimum of 0 % NaCl, 30-37 C and pH 8.5-9.0, respectively. The predominant isoprenoid quinone was menaquinone 7 (MK-7), and the major fatty acids were anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 . The G+C content of the genomic DNA was 53.7 mol%. Analysis of the 16S rRNA gene sequence of strain DB13260 T showed an affiliation of the strain with the genus Paenibacillus, sharing 98.3 % and 97.8 % 16S rRNA gene sequence similarities with the closest relatives Paenibacillus anaericanus MH21 T and Paenibacillus selenii W126 T , respectively. The DNA-DNA hybridization values between strain DB13260 T and the two type strains were 60.4 % and 42.6 %, respectively. The combined phenotypic and DNA-DNA hybridization data supported the conclusion that strain DB13260 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus segetis sp. nov. is proposed. The type strain is
The genus Paenibacillus was originally proposed by Ash et al. (1993) on the basis of 16S rRNA gene sequences of group 3 bacilli. At the time of writing, the genus Paenibacillus contained 168 species and 4 subspecies with validly published names (http://www.bacterio.net/paenibacillus.html). Members of the genus Paenibacillus have been isolated from diverse environments, such as food (Berge et al., 2002) , a paper mill (K€ ampfer et al., 2012) , a necrotic wound (Glaeser et al., 2013) , soil (Yoon et al., 2005; Beneduzi et al., 2010) and marine sediment (Park et al., 2011; Lee et al., 2013) , and have diverse physiological characteristics, such as the capacity of nitrogen-fixing (Ma et al., 2007a, b; Jin et al., 2011) and hydrolysis of xylan (Akaracharanya et al., 2009; Moon et al., 2011) . During the course of studying the culturable aerobic bacterial community of the virgin tropical rainforest soil, several novel bacterial strains were obtained. In this paper, a polyphasic taxonomic approach was used for identification of a strain that was found to represent a novel species of the genus Paenibacillus.
Strain DB13260 T was isolated from tropical rainforest soil collected from Jianfengling Nature Reserve in Hainan, China (18 30¢-18 40¢ N 108 59¢-109 01¢ E ). For the isolation, serial dilutions of the soil sample were spread on SYD agar, which contained 3 g soluble starch, 10 g peptone, 3 g yeast extract, 3.5 g glucose, 1.5 g KH 2 PO 4 , 0.5 g K 2 HPO 4 , 0.1 g MgSO 4 . 7H 2 O, 5 g NaCl, 15 g agar and 1 l distilled water, pH 7.5. Plates were incubated at 28 C. After 3 days, a creamy colony, designated DB13260 T , was picked. The purified culture of the isolate was maintained on SYD agar slants and also stored in a glycerol suspension (20 %, w/v) at À70 C.
Amplification of the almost-complete 16S rRNA gene of strain DB13260 T (1419 bp) was carried out with the universal primers 27F and 1492R (Weisburg et al., 1991) . The amplified 16S rRNA gene was sequenced and multiple alignments with the corresponding sequences of the most closely related type strains obtained from the EzTaxon server (http://www. ezbiocloud.net/eztaxon; Kim et al., 2012) were performed using CLUSTAL X version 1.8 (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1972) the MEGA 5 software package (Tamura et al., 2011) . Confidence values of branches of the trees were determined using bootstrap analysis based on 1000 resamplings (Felsenstein, 1985) . Bacillus subtilis NCDO1769 T was used in the phylogenetic trees as an outgroup. Phylogenetic analysis of the 16S rRNA gene sequence of strain DB13260 T showed a close relationship of the novel strain to members of the genus Paenibacillus. The highest 16S rRNA gene sequence similarity values were found with Paenibacillus anaericanus MH21 T (Horn et al., 2005) , Paenibacillus selenii W126 T (Xiang et al., 2014) and Fontibacillus phaseoli BAPVE7B T (Flores-f elix et al., 2014) , with values of 98.3 %, 97.8 % and 97.3 %, respectively. Meanwhile, the other 16S rRNA gene sequence similarities were under 97.0 %. In a phylogenetic tree based on the 16S rRNA gene sequences of strain DB13260 T and its closest known relatives, the novel strain formed a distinct subclade and clustered with P. anaericanus MH21 T , close to P. selenii W126 T (Fig. 1 ). Topologies of phylogenetic trees built using maximumparsimony ( Fig. S1 , available in the online Supplementary Material) and maximum-likelihood ( Fig. S2 ) methods were similar to those of the tree reconstructed by neighbour-joining analysis ( Fig. 1 ). Phylogenetic analyses indicated that strain DB13260 T had the closest phylogenetic affinity to the type strains of P. anaericanus and P. selenii.
Morphological, physiological and biochemical analyses were performed with the strains cultivated for 3 days at 28 C in TSA medium (Difco) unless otherwise mentioned. Cell morphological characters were checked by light microscopy and scanning electron microscopy. Gram-staining was performed using a Gram-staining kit (Beijing Land Bridge) following the manufacturer's instructions. Endospore formation was examined with a spore-staining kit (Guangzhou Huankai) using cells cultivated on endospore-forming agar for 3 days. The endospore-forming agar contained: 0.7 g yeast extract, 1 g peptone, 1 g glucose, 0.2 g (NH 4 ) 2 SO 4 , 0.2 g MgSO 4 Á 7H 2 O, 1 g K 2 HPO 4 , 20 g agar, 1 l distilled water and adjusted to pH 7.0-7.2. Motility was determined using TSB (tryptic soy broth) with 0.3 % agar. Anaerobic growth was tested in an anaerobic chamber for 7 days on TSA. Growth at different temperatures (4, 16, 20, 28, 30, 37, 40 and 45 C) , NaCl concentrations [0-5 % at 1 % increments (w/v)] and pH values (pH 5.0-11.0, with 0.5 increments) was tested. For the various pH values, TSB was prepared with the following buffer systems: 0.1 M citric acid/0.2 M Na 2 HPO 4 for pH 5.0-8.0; 0.1 M Tris/ 0.1 M HCl for pH 8.0-9.0; 0.05 M NaHCO 3 /0.1 M NaOH for pH 9.5-11.0. Antibiotic susceptibility was performed by plating bacteria suspensions on TSB agar and applying discs imbued with the following antibiotics (µg per disc): ampicillin (10), gentamicin (10), kanamycin (30), neomycin (30), acheomycin (30), erythromycin (15), nalidixic acid (30), novobiocin (30), rifampicin (5) and chloromycetin (30). The other biochemical properties of strains were tested on TSB as described previously by Dong & Cai (2001) in addition to special instructions.
Biomass for chemotaxonomic and molecular systematic studies was obtained by cultivation using TSB medium at 28 C for 3 days. Polar lipids were extracted and examined on 10Â10 cm TLC Silica gel 60 F 254 plates (Merck) (Minnikin et al., 1984; Ruan, 2006) . Total cellular fatty acid methyl esters were prepared and determined by using GC/ MS (model GC-2010; Shi-madzu) (Kuykendall et al., 1988) . Isoprenoid quinones were purified (Xu et al., 2007) by TLC and analysed by HPLC (Komagata & Suzuki, 1987) . The cell-wall peptidoglycan was analysed using the method as described by Schumann (2011) . DNA isolation for phylogenetic analysis was performed with a commercial DNA extraction kit (Tiangen Biotech). The G+C content of the DNA was analysed by hydrolysis of DNA to nucleosides, and quantified by HPLC using the method of Mesbah et al. (1989) . DNA-DNA hybridization was performed according to the method of Ezaki et al. (1989) and DNA-DNA relatedness values were calculated by the method of Christensen et al. (2000) .
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Paenibacillus vini LAM0504 T (KJ005124)
Paenibacillus qingshengii S1-9 T ( Strain DB13260 T was Gram-stain-positive, facultatively anaerobic, motile and rod-shaped. Cells were 0.5-1.0 µm wide and 1.2-3.5 µm long (Fig. S3 ), and spherical endospores were located terminally in swollen sporangia (Fig. S4 ). Colonies were 0.3-1.0 mm in diameter and had a flat, smooth, circular and creamy white appearance after incubation on TSA medium for 24 h at 28 C. The strain grew optimally at 30-37 C, at pH 8.5-9.0 and with 0 % NaCl (w/v). Nitrate was not reduced. Catalase, oxidase and esterase activities were positive. Strain DB13260 T was determined to be sensitive to all the tested antibiotics: ampicillin, gentamicin, kanamycin, neomycin, acheomycin, erythromycin, nalidixic acid, novobiocin, rifampicin and chloromycetin. Other physiological properties are given in Table 1 and the species description.
Strain DB13260 T contained anteiso-C 15 : 0 (43.9 %), iso-C 16 : 0 (19.6 %), C 16 : 0 (13.5 %), iso-C 14 : 0 (7.1 %) and iso-C 15 : 0 (5.9 %) as the predominant cellular fatty acids (>5 %) ( Table 2 ). The predominant isoprenoid quinone was identified as MK-7 (98.1 %), with MK-6 (1.9 %) as a minor component. The diagnostic diamino acid was meso-diaminopimelic acid. The major polar lipids included diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), three unknown aminophospholipids (AL1-AL3) and four unknown phospholipids (PL1-PL4) (Fig. S5 ). The characteristics are in accordance with all other members of the genus Paenibacillus (Yao et al., 2014) .
The genomic DNA G+C content of strain DB13260 T was 53.7 mol%. The DNA-DNA hybridization values between strain DB13260 T and P. anaericanus MH21 T and P. selenii W126 T were 60.4 % and 42.6 %, respectively, significantly below the value of 70 % which was considered to be the threshold for the delineation of bacterial species (Wayne et al., 1987) .
The results of physiological features (NaCl, temperature and pH value ranges, hydrolysis of maltose, L-arabinose, D-ribose, glucose and cellobiose, acid production, catalase activity, etc), DNA base composition, and fatty acid profiles clearly differentiate the isolate DB13260 T from P. anaericanus and P. selenii. In conclusion, the results of the phenotypic, genotypic, biochemical and physiological analyses clearly indicate that strain DB13260 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus segetis sp. nov. is proposed.
Description of Paenibacillus segetis sp. nov.
Paenibacillus segetis (se.ge¢tis. L. gen. n. segetis of the soil, referring to the isolation site).
Cells are Gram-stain-positive, facultatively anaerobic, motile and rod-shaped, with a length of approximately 1.2-3.5 µm and a width of 0.5-1.0 µm. Terminal ellipsoidal spores are formed in swollen sporangia. Colonies (0.3-1.0 mm in diameter) grown on TSB agar (24 h, 28 C) are circular, flat, smooth and creamy white. The temperature range for growth is 5-40 C (optimum 30-37 C). The pH range for growth is 6.0-10.5, the optimum being pH 8.5-9.0. Growth occurs in the presence of 0-4 % (w/v) NaCl Table 1 . Characteristics that differentiate strain DB13260 T from the type strains of two closely related species
Strains: 1, DB13260 T ; 2, P. anaericanus MH21 T ; 3, P. selenii W126 T . All data were obtained in this study. All strains were positive for growth at 5 C and at pH 9, and negative for nitrate reduction. +, Possitive; À, negative; ND, not determined. are not produced. a-Lactose, D-fructose, D-mannose, D-xylose, starch, maltose, L-arabinose, trehalose and raffinose can be used as the sole carbon source, but glucose, L-leucine, L-proline, sorbic acid, L-serine, cellobiose, D-galactose, D-ribose, L-arginine, inositol, L-ornithine, glycine and sorbitol are not assimilated. Acids are produced from glucose, sucrose, raffinose, cellobiose, D-fructose, L-arabinose, D-xylose, a-galactose, trehalose, D-ribose, a-lactose, sorbitol, mannitol, maltose and starch, but not from D-mannose. Sensitive to gentamicin, ampicillin, erythromycin, chloromycetin, kanamycin, nalidixic acid, rifampicin, neomycin, novobiocin and acheomycin. The cell-wall peptidoglycan diamino acid is meso-diaminopimelic acid and the predominant respiratory quinone is MK-7. The major polar lipids are DPG, PG, PE, three unknown aminophospholipids and four unknown phospholipids. The major cellular fatty acids (>10 %) are anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 .
The type strain is DB13260 T (=CGMCC 1.12769 T =DSM 28014 T ), isolated from a soil sample collected from Jianfengling Nature Reserve in Hainan, China. The DNA G+C content of the type strain is 53.7 mol%.
